The acoustical absorption coefficient of materials incre~es with increasing frequency. Therefore, the ratio of direct to reverberant sound in a room incre=es with increasing frequency, leading to increased binaural coherence, which may aid listeners in localizing a sound. Although listeners are insensitive to binaural waveform time differences at high frequency, they may be able to use binaural envelope differences if the signal is noisy. Experiments with binaural recordings of noise sources in a room, doctored with artificial interaural de~ays, show that listeners do not use envelope cues. Even ,a small amount of incoherence appears to make high-frequency intermural time cues useless.
INTRODUCTION
When a sound occurs in a room environment, listeners localize the sound on the bmis of its onset characteristics and its steady-state characteristics.
If the steady-state sound is narrow band, the onset characteristics may dominate the localization entirely (precedence effect). If the sound is broad-band noise, the steady-state character becomes more important, If the onset is slow or is masked, then the steady-state character must dominate.
This talk is about localization of noise based on the steady state alone.
Steady-state localization cues include magnitude effects: intermural level difference and directionally dependent anatomical filtering (HRTF). Steady-state localization cues include temporal effects: intermural time differences (ITD) in either the waveform or the envelope fluctuations.
[n order for ITD cues to be useful, there must be comparable features in left and right ears. Therefore, there must be a finite coherence between left and right ear signals, identified by a peak in the cross-correlation function at some value of the lag.
In any environment, low-frequency noise is intermurally coherent because the wavelength is much larger than the head radius. For a human head, this long-wavelength limit extends up to 500 Hz.1 In this limit the cross-correlation function does not necessarily include useful localization information -the coherence exists even for a sound field that is entirely diffuse.
Above the long-wavelength limit, the sound field at each ear can be considered as the sum of a direct signal from the source and a reverberant signal from the room. The reverberant signal is entirely uncorrelated with the direct signal. It is also entirely uncorrelated with the reverberant signal in the opposite ear. It is only the direct signal that includes valid ITD information.
Localization is made more difficult in a room because the direct sound is a smaller fraction of the total sound.
As the frequency of a band of noise increases, both the incremed directivity of sources and the increasing absorption coefficient of materials in the room conspire to reduce the reverberant sound, As a result, the ratio of direct to total sound incremes leading to increased binaural coherence. Therefore, sound localization based on ITD might well improve, Although it cannot be expected that listeners will be sensitive to waveform ITD in this high-frequency range where walls are highly absorbing, they may be sensitive to ITD information in the envelope fluctuations,
We performed experiments to study the importance of ITD cues in steady-state noise heard in a room.
EXPERIMENTS
A KEMAR manikin was 3 meters from 16 matched loudspeakers in a reverberation room. Eight speakers were at azimuths ranging from 9 to 23 degrees to the left of the midline. The other eight were at azimuths ranging from 9 to 23 degrees to the right of midline. The manikin was used to make digital binaural recordings of octave bands of noise from each of the speakers. Five octave bands covered the range from 500 Hz to 16 kHz, Recordings were also made of a low band, 100-500 Hz.
The recordings eliminated onset information. They were presented to listeners by headphones in two ways: (1) the standard, without alteration, (2) the ITD test, with an added 400 ps contrary ITD, ITD-test recordings from speakers on the left were given an ITD leading in the right ear. ITD-test recordings from speakers on the right were given an ITD leading in the left ear. The 400 ps offset is huge. It is equal to the delay between the leftmost speaker of the array and the rightmost.
If localization is determined by ITD, then the offset should cause speakers on the left to be heard on the right and vice versa.
Five listeners took part in the experiment.
Each listener heard ten presentations of each of the 16 sources in both standard and ITD-test conditions. The experiment was done separately for the five octave bands and the low-frequency band.
RESULTS

AND DISCUSSION
The standard was localized correctly to the left or right with increasing accuracy with increasing frequency, except for very high and very low frequencies. Average percentages of correct responses were: LOW 72%, 0.5-1 kHz 52Y0, 1-2 kHz 59Yo, 2-4 kHz 67~o, 4-8 kHz 9890, 8-16 kHz 80Y0, Listeners might have localized the standard based on any of the possible steady-state cues. The experiment provided no breakdown on cues.
Of principle interest was the effect of the artificial offset in ITD. The effect was measured with respect to the maximum possible effect given the result on the standard.
If a source on the left was reliably localized on the left in the standard runs then there was a large maximum possible effect when the offset resulted in localization to the right. The results of the experiment are shown in Fig,l . The large cross-correlation in the low-frequency limit leads to a large shift for the lowest band. The significant shift in the band from 0.5-1 kHz may reflect a high-frequency tail of the low-frequency limit, Otherwise, the shift is essentially zero. This null shift indicates that listeners are insensitive to high-frequency envelope ITD cues. Even in the highest band, where the direct sound was 87~0 of the total, envelope cues were ignored. This result is consistent with ongoing headphone experiments where the coherence is an adjustable parameter.
There it is found that listeners can successfully use ITD cues to literalize noise bands above 4 kHz, but only if the coherence (or direct to total power ratio) is almmt 100%.
